Introduction
Prairie vegetation is so universally mowed, grazed, or burned that little information has been recorded on its behavior under complete protection. Climax grassland, when grazed lightly or even moderately, may retain essentially its natural composition over extremely long periods (16, 18) . But aside from observation there is little information upon the unusual and rare phenomenon of complete protection of grassland from disturbance over a considerable period of time.
In their monograph on the prairie, WEAVER and FITZPATRICK (14) stated: "Practically all of the prairies have been mowed annually, some for a period of more than fifty years. It has been repeatedly demonstrated that removal of the plant cover after it is mature has no harmful eSect upon the vegetation. After the mowing is done close to the soil surface, there still remains 2.5 to 3 inches (often more on lowland) of unmowed stubble with dead basal leaves, among which accumulates fallen debris during 'hay making,' as well as the late autumnal growth. Undoubtedly the removal of the plants does have an effect not only upon the quantity of organic material that would ultimately return to the soil but also upon the density and composi-tion of the plant cover." The mulch in annually mowed prairies may have a dry weight of 50-225 gm. per square meter on uplands and over 1,000 gm. on lowlands (15) .
Experiments over a period of only 3-5 years by WEAVER and FITZPATRICK ( 14) have shown that the accumulation of debris greatly retards growth in spring. The soil warms more slowly since it does not receive the usual insolation. Not only is there an actual diminution of basal cover, but also certain of the smaller and earlier species are greatly handicapped in growth and tend to disappear. Thus, occasional Sres every 2-3 years renovate unmowed prairies and are distinctly beneficial if they occur in spring before growth is renewed. Fires were undoubtedly frequent in prehistoric times, and the enormous herds of bison trampled down the grass, at least locally. SAMPSON (9) , working in the prairies of Illinois, stated: "Occasionally local areas may be found that are seldom disturbed by man. It is in these least disturbed tracts where the dead grass remains from year to year that the dominant plants maintain their purest stand. The secondary species become insignificant, being represented only as scattered individuals here and there...." CURTIS and PARTCH (4), from their experiments on the effect of fire, clipping, and fertilization on transplanted sods of Andropogonz gerardi, concluded that the most important factor affecting flowering was the presence of old litter on the 2 
BOTANICAL GAZETTE
[SEPTEMBER crowns. ":ltemoval of this cover by either fire or clipping brought about a sixfold increase in flower production and a 60% increase in plant height." Where the litter was not removed from dense stands, new growth was delayed in the spring as much as 3-4 weeks. It seems probable that removal of the mulch permitted the plants to begin growth early and to build up a carbohydrate reserve before the normal period of flower primordium initiation (4).
An excellent review of the literature on natural mulches of grassland has recently been made by DYKSTERHUIS and SCHMUTZ (5). They emphasized the great importance of mulches but pointed ou t that there has evidently been no earlier research dealing specifically with natural mulches of grassland. "Despite the profound importance of natural mulches in promoting infiltration of rainfall, in prevention of erosion, and in general maintenance of normal plant-soil-water relations, there are virtually no quantitative data concerning amounts or effects on natural grassland" (5).
Observations THE ABANDONED ROAD
During a study of a large native pasture by WEAVER and TOMANEK ( 18) it was found that an abandoned road bounded it on the south. The natural vegetation of this road appeared to be in marked contrast with that of the pastures which adjoined it on both sides as well as with that of an annually mowed native prairie which also extended many rods along its northern border. There was an unusual abundance and rank growth of certain coarser prairie grasses, an almost complete absence of many species normally conspicuous in prairie, and a very deep mulch which had accumulated through several years. The time of abandonment of the road, the absence of fres, and the lack of use of the land for hay or by grazing animals were ascertained from farmers who had lived nearby for 20-50 years. The steeply rolling topography ( fig. 1 ) and the need for upkeep of several culverts were the causes for abandonment 15 years ago.
This road is located 6.5 miles north and 2 miles west of the University of Nebraska in Lincoln. The position of its western one-fourth mi]e is now marked only by a fence, since the sod was broken, and the soil is under cultivation. The grass on a part of the eastern one-fourth is sometimes cut for hay. It is separated from the central half-mile by a deep ditch. Thus, this part is well protected from disturbance. The road runs along the sides of hills which are 50-100 feet high. The land in the central portion has slopes of 3.5<o to more than 17%. flAuts 3-5 inches deep and 12 inches wide still mark the center of this roadway, which is 56.5 feet wide. Sometimes a second track paralleled the original one. The roadsides have probably never been much disturbed since the pastures were fenced many years ago. Exceptions occurred in the central part near two ravines. Here the surface soil had been removed from the steep banks to fill the bottoms of the ravines over the wooden culverts, long since decayed. SuiRicient time has elapsed for climax vegetation to be re-established even in these excavated portions and fills. But with these wet areas and banks and the hydric and mesic lowland vegetation which covers them this paper is not concerned. of granulation and the presence of a large amount of root material in the surface soil. I7he upper 3-inch layer of soil in the abandoned road under the heavy mulch of big bluestem was so porous that its volume-weight was 0.97. Thus, less than a gram of soil occupied a cubic centimeter of volume.
The volume of prairie topsoil occupied by air and water--the pore space often exceeds in amount that occupied by solid matter. Pore space is generally greater in fine-textured soils and those of high organic-matter content. It is increased by those processes which promote granulation, such as wetting and drying, freezing and thawing, and particularly the action of the roots and rhizomes of perennial grasses. The pore space in the loose upper 3-inch layer of mineral soil under the careful studies were made. Early in August, blocks of soil about 6 inches square were removed to a depth of 7 inches. Each of these was placed separately in a half-square-meter pan, the soil was crumbled and worked over thoroughly, and the earthworms counted.
Twenty-one samples beneath the bigbluestem mulch contained only eighteen earthworms. Since one sample had eight and two others two and three, almost two-thirds of the samples had none. Other soil samples to a depth of 12 inches were without worms. The soil was moist but not too wet for good aeration. Its temperature was 71°-72° F. Numerous samples under the mulch of switchgrass gave similar results. In the bluegrass pasture, a few paces beyond the fence, ten samples revealed only seven earthworms. Experiments were made to ascertain how much water was intercepted by the mulch. Places were selected at random in the big-bluestem type. After a small area of the grass had been cut above the mulch and discarded, a circular cardboard, 1 square foot in area was held firmly in place over the mulch. The mulch was then cut with hand clippers around the cardboard to the soil surface and the surrounding mulch pulled away from the sample. Two men with fingers widespread raised the part with intact leaves as a unit from the soil. The humic mulch was also collected, and the entire sample was taken to the laboratory and air dried. Six samples were secured on July 9.
Cylindrical, straight-walled pans, 1 square foot in area and 5 inches deep, with a small hole near the side on the bottom, were used in the experiment. Woven wire with 8 meshes per inch was placed on the bottom of the pan. After wetting the wire and pan and tilting them slightly so that excess water could drain away, the mulch was placed in the pan in its normal position. Water was added to the mulch by means of a spray syringe at a rate of 0.25 surface-inch in 30 minutes. It was added in equal amounts at 5-minute intervals) and the pans were covered between the sprayings. Water not held by the mulch drained into a small funnel placed in a bottle beneath the pan; the insides of both funnel and bottle were wetted before the experiments began. The amount of water intercepted by each of the samples of mulch was 58, 49, 49, 54, 56, and 62(7o, respectively, of the amount applied. This indicates that an average of more than half of a quarter-inch rain in 30 minutes would not reach the soil. Since no sample of the mulch was found to be thoroughly wet, further studies were made.
The percentage of water intercepted when 0.25 surface-inch was applied each half-hour and the part of a surface-inch held when the mulch was saturated are shown in table 3. The results indicate that in long-continued rains, when the mulch becomes completely wet, as much as one-third inch of rain could be held above the soil and again evaporated into the air. Conversely, the mulch promoted infiltration of water into the soil as was shown experimentally.
INFILTRATION.-Studies were made in midsummer to ascertain the effect of the mulch upon rate of water penetration. The apparatus and method used were the same as those described by ROBERTSON (8). Cylinders made from 15-inch sections of seamless steel tubing 4 inches in diameter and sharpened at one end were The soil was moist when the experlment was begun. The distance between the cylinders in a group was 4-14 inches, and the distance between the two areas of soil sampled was only 15 feet. Under big bluestem the first 250 cc. of water disappeared in 2-4 minutes in all four cylinders. In two of them a second 250 cc. disappeared within the first half-hour. During the first period the average rate of water infiltration was 46So more rapid under big bluestem It was 82So more rapid durizng the second period. During the second hour, rates of infiltratior] were 481Wo and 480% greater, respectively, than in bluegrass sod. Thus, once the water reached the soil under the mulch, it entered it rapidly. Loss of water from the mulched soil during the first day averaged 75So less than that from unmulched soil. It was 43%o less the second day. By the end of the third day the bare soil, which had lost a total of 1,187 gm. of water, was dry on the surface and began to crack. The mulched soil had undergone a total loss less than half this great. Losses from the mulched soil decreased gradually as it became drier. Total loss during the 8-day period was practically the same as that during the first 3 days from the unmulched soil.
NUMBER OF CYLINDER
In a similar experiment (July 26-28) the pans were exposed to both sun and wind from 8:00 A.M. to 7 :00 P.M. A wooden frame protected the sides of the containers from the sun. The mulch was 2.5 inches thick in two containers; in the controls the soil was unmulched. Kind of soil and water content were the same as those in the preceding experiment. Both daily and total losses from the mulched soils were very similar. During the first day average water loss from the mulched soil was 74%0 less than that from the unmulched one, and the loss during the 3-day period was 65(Jo less. PRECIPITATION Moreover, the rains were well distributed each month. The soil was wet to moist several feet in depth throughout the growing season. In the spring the total water content ranged from 23 to 27So in the surface foot to 21 to 22So in the second and third foot. In the fourth and fifth foot percentages were 17 and 15, respectively. All but about 9S0 was available for growth. Probably becau se of the unusually high rainfall, there were only minor differences in the total amounts of soil moisture in the mulched soil and in soil from which the mulch had been removed in early spring. Water content was also about the same under the grazed but untrampled bluegrass inside the fence (table 5) That the effects of the mulch had greatly thinned the stand was shown both by stem counts and measurement of basal area. In ten square-foot samples taken at random in pure stands of each grass the number of stems under the mulch was 39S0 lower for big bluestem and 38% less for switchgrass than in unmulched areas Both grasses were more slender in the mulch.
Basal area was ascertained in a series of thirty-five square-foot random samples in the mulched big bluestem and a similar number in the unmulched plots. The grass was clipped to a height of 5 inches in the mulched samples, and the mulch was removed. Then the plants were clipped to a height of 1.5 inches, as in the plots without mulch, and the basal area at this level was measured. Basal area in the mulched plot was only 9%; but that in the unmulched plot, where the leaves spread widely below the clipping level and stems were also more abundant, was 22%.
Basal area of twelve bunches of unmulched prairie dropseed was ascertained; then the foliage was closely clipped. A dozen mulched bunches of the same basal area were also clipped, and the debris in and about them was discarded. Foliage of the mulched bunches was 2-3 inches taller than the 17-inch general height attained by that of unmulched ones. Stem-counts of several bunches of similar size revealed that there were 18% more stems in those without a mulch. The dry weights of foliage of the twelve unmulched and twelve mulched bunches were 523 and 360 gm., respectively. Weight of foliage from the mulched bunches was thus 3 lgo lower ( LATE SUMMER YIELDS. A second lot of bunches of prairie dropseed, eighteen each in the unmulched and mulched areas, was harvested on August 7. These were selected after measurements as at the preceding harvest. Basal area of bunches in each group varied from 20 to 56 square inches. Vegetative growth for the year had been completed. All but five of the unmulched bunches had produced flower stalks; in the mulched lot there were none. A total of 645 panicles were exserted, or nearly so, from the sheath, but some had not yet expanded widely. The unmulched bunches were noticeably more erect than the mulched ones, but the leaves of the mulched plants were longer, and the habit was more sprawling. Thus, the average stretched height in the above sequence was 22 and 25 inches. (table 6) than that from simiseparate them from the old mulch. Moreover, the plants had completed vegetative growth by mid-August, when deterioration set in. Since only scattered flower stalks were produced, it is probable that the third harvest represented approximately the maximum yield. The area was grazed after September 1.
CHANGES IN VEGETATION
The vegetation in the abandoned road had matured, fallen, and decayed over a period of many years. There was little or The presence of the debris, both fallen expanded inflorescences are from unmulched plots.
